There are lots of tubes in aircraft engine nacelle to transfer different kinds of fluid to other parts of the aircraft. These tubes is required to be tested by standard oil burner, which provides an environment of temperature about 2000 °F and heat flux about 11.9 W/m 2 . The purpose of this paper is to achieve a better understanding of the heat transfer process of tube fire test and make prediction on the temperature rise before samples were subjected to the test facility. The flow rate was studied by both theoretical and experimental method to determine its influence on temperature rise. Also, temperature rise of Jet A-1 fuel and lubricant RIPP 4050, which have different fluid characteristics, was used for comparison of the model. The result shows a good compliance between theoretical value and experimental measurements.
Introduction
Tubes are widely used in aircraft engine nacelles, distributing fuel, lubricant and hydraulic oil to other parts of the aircraft. As the space around engine is a most hazardous zone because of its high temperature and strong vibration, these hose assembly that carries flammable fluid is required to withstand the fire resistance test by airworthiness regulations. Tubes and connectors, no matter whether it's made of metallic or non-metallic material, is required to be subjected to a standard kerosene flame by certain paragraphs of CCAR23.1183, CCAR 25.1183 and CCAR27.1183.
As the type of carrying fluid differs, the flow rate in tubes varies greatly. Fuel distribution tube of some large transportation category aircraft may have a flow rate up to tens of thousands of liters per hour, while flow rate of hydraulic oil tube of some little aircraft may be 100 liters per hour or even lower. Because fluid acts as the temperature reducer for tubes, low flow rate is utilized in fire resistance test to represent the harshest condition for conservative considerations.
Theoretical Analysis
As the oil flows steadily and continuously within the tube by oil pump, the flow could be seen as a well-developed flow and the distribution of temperature field depends on whether the flow is turbulent or laminal. The Renault number, , is determined by Eq. 1,
Where is the density of the fluid is the average velocity of flow μ is the kinetic viscosity of fluid ν is the dynamic viscosity of fluid D is the inner diameter of the tube ̇ is the mass flow rate
The flow rates in this paper range from 50L/h to 200L/h, put the characteristics of fuel and hydraulic oil into calculation, the Renault numbers of both fluids are not greater than 2000, while the critical Renault number that turbulence occurs in tube is 2300 [1] . Therefore, the fluid condition of this paper is considered to be laminal flow.
Though radial temperature gradient exists in any cross section of fluid, the inner diameter of the tube is relatively small (about 12mm) and the temperature difference is not very obvious in the area, the temperature of position x can be represented by average temperature of this cross section, ( ). As stainless-steel tube has a relatively low heat capacity and a relatively high heat conductivity, the conventional heat of oil is approximately equal to total heat transfer of the outer surface. According to energy balance, the total heat transfer can be described as
Where C p is the heat capacity of oil , and , refer to average temperature in outlet and inlet respectively. For a unit volume shown in Fig. 1 , the convention heat transfer is equal to heat flux density multipied by surrounding area, that is
Where P is the perimeter of the cross section. Figure 1 . Heat transfer in unit volume [1] .
The heat flux density, ′′ , has no correlation with axial position, x, under the condition of constante surface heat flux density. After interation, Eq. 3 becomes = ′′ , (4) The temperature increment using Eq.2 and Eq.4 can be expressed as
It is denoted that, for a specific fluid, the temperature increment between outlet and inlet, − , is be inversely proportional to mass flow rate ̇.
Because the flame of the burner is not equally distributed, and the temperature rise has a linear relation with heat flux density, ′′ can be approximately replaced by average of subsection summation of heat flux density, ′′ ̅̅̅̅ . Heat flux density of 11 horizontal points with the same distance from the burner tip is measured and the average value is 6.445 W/cm 2 . See Table 1 , The position presents distance from the inlet of the tube. 
Experiment Introduction
Refer to HB 7044-2014, "Fire resistance test specification of tube and hose assembly in civil aviation aircraft", the initial fluid temperature is set to be from 80℃ to 120℃. After heated by the oil burner, the temperature of fluid must not exceed the damage temperature limits of all the sealings or structures of connectors. The experiment facility consists of a burner, a hold-up rig, 2 temperature sensors, a calorimeter and an oil pumping system. The tube sample which is made of stainless-steel has an inner diameter of 12 mm with 1 mm thick and 500 mm long. There are 2 temperature sensors located around two ends of the tube, as shown in Fig 2 . According to the specification [2] , calibration of temperature and heat flux density is necessary before each test. As shown in Fig. 3 , firstly adjust the oil burner to make the heat flux density be 11.9±0.6W/cm 2 . Then remove the calorimeter and put the thermocouple array in position shown in Fig. 4 , average temperature of the total 7 thermocouples should be 2000±150°F. After this procedure, the flame of the burner is seen as a "standard fire" and is qualified to be subjected to the tube. Fig. 5 shows the outlet temperature rises of RIPP 4050 of different initial temperatures. The outlet temperature gets steady at approximately 120s and a greater flow rate shows a lower outlet temperature. This relation turns to be the same of Jet A-1 fuel, except that the top temperature appears at about 160s. Flow rate of each fluid has an inversely proportional relationship with the temperature rise. As mentioned above, the flow rate acts as a most important factor of temperature rise. For RIPP 4050, the density is 0.9687kg/L@100℃ and is considered to be constant to simplify the calculation, the heat capacity C p =2.07kj/kg·K, L=0.5m，D=0.012m，Eq. 5 can be simplified to Table 2 shows the calculation results of different flow rate using Eq. 6. Volume flow rate has an inversely proportional relationship with the temperature increment. For Jet A-1 fuel, the density is 0.73kg/L@100°C and is also considered to be constant to simplify the calculation, the heat capacity C p =2.35kj/kg·K [3] , L=0.5m, D=0.012m, and for Jet A-1 fuel Eq. 5 can be simplified to (̇) = 2716 , (7) Table 3 shows the calculation results of different flow rate using Eq. 5. Theoretical calculation curve and experimental measurements of temperature rise for RIPP 4050 under different flow rates is shown in Fig. 7 . In high flow rate the measured points and calculated curve indicate a very good compliance while in low flow rate show a relatively poorer compliance. 
Result and Analysis
(̇) = 2180 ,(6)
Conclusion

1.
Initial temperature of fluid has no significant influence on temperature rise. This can be easily found in Fig. 7 and Fig. 8 . Different initial temperatures lead to almost the same temperature rise.
2. Flow rate of fluid has an inversely proportional relationship with the temperature rise. The product of the flow rate and temperature rise can be calculated with Eq. 5.
3. The measured temperature rises are all lower than theoretical model. This is due to the distance between tube outlet and temperature sensor. Conventional heat transfer exists in the 30 cm length and the ambient air takes away some of the heat from the hot fluid.
4. In the process of calculation, the density of fluid is thought to be constant while in fact it is the function of temperature in most cases and varies throughout the tube. This causes some difference between theoretical value and experimental measurement. Efforts have to be put in to modify the model and take the density as a variable in the future.
